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I. INTRODUCTION 

I n  recent years several   comprehensive  research  programs  have  investigated 

t h e   e f f e c t i v e n e s s  of  runway  grooving as a means f o r   i n c r e a s i n g  t i r e  t r a c t i o n  

under   operat ional   condi t ions.  A compilation of many of t h e s e   e f f o r t s  was made 

through  the  Conference on Pavement  Grooving  and Trac t ion   S tudies  a t  Langley 

Research  Center i n  November 1968. 3 

Severa l   impor t an t   cha rac t e r i s t i c s  of runway grooving  were  discussed a t  

th i s   conference .  For i n s t a n c e ,   a i r c r a f t   t e s t   r e s u l t s   i n d i c a t e d   t h a t   t r a n s -  

verse  runway  grooves  provide  great ly   increased  a i rcraf t   braking and s t e e r i n g  

c a p a b i l i t y   f o r  wet, f looded, and  slush-covered  runways. It was a l so   po in t ed  

out  that   grooves  caused no s i g n i f i c a n t   i n c r e a s e   i n   t r e a d  wear or opera t iona l  

damage even  though  chevron-type  cuts   can  be  developed  in   the  t i re   t read a. t  

h i g h e r   s l i p   r a t i o s .   I n   a d d i t i o n ,  it was r e p o r t e d   t h a t   t h e   o v e r a l l   a i r c r a f t  

ground  handl ing  and  s topping  character is t ics  on the  grooved  surface showed a 

dramatic improvement  over  those  on  corresponding  ungrooved  surfaces,  with  no 

obse rvab le   adve r se   cha rac t e r i s t i c s   f rom  the   p i lo t s '   po in t  of  view. 

The purpose  of t h i s   p a p e r  i s  t o  add t o   t h e   b a s i c  knowledge of t i r e  per- 

formance on grooved  surfaces.   This i s  accomplished  by  discussing some experi-  

mental  measurements  of t i r e   c o r d   l o a d s  on grooved  and  ungrooved su r faces .  Such 

c h a r a c t e r i s t i c s  as t i r e   s t r e s s   d i s t r i b u t i o n  and f a t igue   p rope r t i e s   a r e   func -  

t i o n s  of t i r e  cord  load, and thus  it i s  important t o  determine  whether or not  

cord  load i s  adverse ly   a f fec ted   by   the   p resence  of t h e  grooved  surfaces.  These 

measurements were made poss ib le   by   the   successfu l   deve lopment   and   appl ica t ion  of 

a su i tab le   cord   load   t ransducer .  
1 



11. SUMMARY OF RESULTS 

The cord  loads  developed i n  one s i z e  of a i r c r a f t  tire a r e   n o t   a f f e c t e d   t o  

any   s ign i f i can t   ex t en t   by   runn ing  on a grooved  surface.   This  statement i s  

based on t e s t   r e s u l t s   f o r  a 24 x 7.7 10 PR Type VI1 t i r e ,  under   s low-rol l ing 

condi t ions ,  on both aluminum  and concrete  grooved  surfaces.  The groove  con- 

f i g u r a t i o n s  were a l l   r e c t a n g u l a r  or chamfered  grooves  ranging  from 3/16 i n .  by 

3/16 i n .  on 1 i n .   c e n t e r s   t o  3/8  i n .  by 3/16 i n .  on 1 i n .   c e n t e r s .  These t e s t s  

were  conducted on a small   f lat-plank  machine  using a t i r e   i n s t r u m e n t e d   w i t h  

small cord  load  t ransducers .  A complete  tabular summary of a l l   r e s u l t s  i s  in -  

c luded   for   re fe rence .  

2 



111. TRANSDUCER AND TEST  SAMPLE  CONSTRUCTION 

The d a t a   p r e s e n t e d   i n   t h i s   p a p e r  was obtained  from a t i r e  w i t h   f o r c e  

t r a n s d u c e r s   i n s t a l l e d   d u r i n g   b u i l d i n g  of t h e  t i r e .  These t r a n s d u c e r s   c o n s i s t  

of small, mechanically s t i f f  l o a d   c e l l s   i n s e r t e d   i n   s e r i e s   w i t h   t h e  t i r e  cord . 

by means  of c u t t i n g   t h e   c o r d  and  bonding  each cut end to   oppos i t e   ends  of t h e  

t ransducer .   These  t ransducers  are made from small berylium-copper  tubing  which 

has   an  inside  diameter   near ly  equal t o   t h e   o u t s i d e   d i a m e t e r  of t h e  t i r e  cord 

used. The hol low  center   sec t ion  of the   tub ing  i s  instrumented  with  conventional 

f o i l   s t r a i n   g a g e s .  Such a t ransducer  may be  cal ibrated  before   use,   g iving  an 

experimental   re la t ionship  between  cord  load and signal  output  which  should  be 

l i n e a r   f o r  a we l l   des igned   t r ansduce r .   Th i s   l i nea r   r e l a t ionsh ip   can   t hen   be  

used t o   i n t e r p r e t   s i g n a l   o u t p u t   i n  terms of cord   load   a f te r   the   t ransducer   has  

b e e n   b u i l t   i n t o   t h e   t i r e .  

A sketch of t he   t r ansduce r   des ign   u sed   i n   t hese   t e s t s  i s  given i n   F i g .  1. 

A d e t a i l e d   d e s c r i p t i o n  of the  manufacture and a p p l i c a t i o n  of t h i s   d e v i c e  has 

been  given  by  Bourland,  Clark, and  Dodge. 

A 24 x 7.7 10 Ply  Rating Type VI1 a i r c r a f t   t i r e  was b u i l t   w i t h  a s e t  of 

t ransducers   implanted  during  the  bui lding  process .  The t ransducers   were  located 

a t  seve ra l   mer id iona l   l oca t ions   i n   a l t e rna te   p l i e s   beg inn ing   w i th   p ly  two. The 

d i scuss ion   i n   t he   r ema inde r  of th i s   paper   cen ters   a round t e s t  r e su l t s   ob ta ined  

from t h i s  t i r e .  

3 



Fig. 1. Cord load transducer. 



I V .  TEST EQUIPMENT, PROCEDURES, AND RESULTS 

The in s t rumen ted   t i r e   desc r ibed  above was subjec ted  t o  a s e r i e s  of slow- 

r o l l i n g   t e s t s   o v e r  grooved  and  ungrooved su r faces .  The signal  output  from  each 

fo rce   t r ansduce r  was amplif ied and displayed on an x-y p l o t t e r   d u r i n g   t h e   l o a d  

cyc le  of  khe t i r e .  A l l  of t h e s e   t e s t s  were run on a small f l a t - p l a n k  machine 

a t  approximately one mile  per  hour a t  ze ro   s t ee r   ang le ,   s ee   F ig .  2. Even though 

such  speeds  are much lower  than  those  encountered  during  normal  operations,  the 

r e s u l t s  of t h e s e   t e s t s   a r e  s t i l l  valuable   s ince  previous  s tudies   have shown t h a t  

many c y c l i c   c h a r a c t e r i s t i c s  of cord  loads  are   near ly   independent  of speed. 
2 

Cord load i s  a func t ion  of i n f l a t i o n   p r e s s u r e  and i s  shown i n   F i g .  3 f o r  

an   un loaded   t i re .  Such cord  loads  vary  throughout   the  cross-sect ion and these  

va lues   se rve  as r e f e r e n c e   p o i n t s   f o r   t h e   l o a d e d   t i r e   t e s t s   t o  be  reported  sub- 

sequent ly .  

The na ture  of the  cord  load  cycle   var ies   throughout  'Ghe t i r e   a l s o ,  and t h i s  

i s  i l l u s t r a t e d   i n   F i g .  4. It may be  seen  that  not  only  the  form  but  the  ampli- 

tude of the   cord   load   cyc le   var ies   th roughout   the   t i re .  

I n  a l l  of the   cord   load   p lo ts   there  i s  a c h a r a c t e r i s t i c  maximum cord  load 

f l u c t u a t i o n  which i s  indicated  by dl ,  d,, and d3 i n   F i g .  4. This   absolute  

change i s  used   as   the   c r i te r ion   for   compar ison  of  cord  loads  developed  while 

t r a v e r s i n g  grooved  and  ungrooved su r faces .  

A 1 i n .   t h i c k  aluminum p l a t e  was used f o r   t h e   t e s t   s u r f a c e .  One s ide  was 

l e f t  smooth wh i l e   t he   o the r   s ide  was grooved. The grooves  were 1/8 i n .  wide, 

3/16 i n .  deep,  and loca ted  on 1 in .   cen te r s ,   s ee   F ig .  2. The t e s t   p rocedure  

5 



Fig. 2. Test apparatus-aluminum grooved surface. 
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was t o  i n f l a t e  t h e  t i r e  t o  80 psi ,   apply a ver t ica l  load  of 4500 pounds,  end 

run   the   t i re   th rough  contac t   whi le   record ing   the   cord   load   cont inuous ly .   This  

was done on t h e  smooth s i d e   o f   t h e   p l a t e  and t h e n   t h e   p l a t e  was turned  over  and 

t h e  t e s t  repeated on t h e  grooved  side of t h e   p l a t e .  Upon completion  of t h i s  

t e s t  t h e   p l a t e  was removed  and the   g roove   wid th   increased   by   chader ing   bo th  

s i d e s  of the  groove  with a 1/16 x 45"  chamfer. The t e s t  was then   repea ted .  

Next the  groove  width was increased  by 1/8 in .   by  mil l ing  out   each  groove.  

Th i s   ob l i t e r a t ed   t he   p rev ious  chamfer, bu t  now gave a larger  groove  which 

.could   be   used   for   the   next   t es t .  It could  then  also  be  chamfered.  This  pro- 

c e s s  was c o n t i n u e d   u n t i l   t h e   f i n a l   g r o o v e   s i z e  was 3/8 i n .  wide  by 3/16 in.   deep.  

A complete summary of t h i s   d a t a  and the   d i f fe rences   observed  i s  shown i n  Table 

I. The d i f fe rences   recorded   here   a re   def ined  as the   d i f f e rences   be tween   t he  

grooved   sur face   resu l t s  and t h e  ungrooved su r face   r e su l t s   d iv ided   by   t he  un- 

grooved r e s u l t s .  A s  may be  seen,  the  cord' load  differences  between  grooved and 

ungrooved  surfaces are extremely small. This i s  an   ind ica t ion   tha t   g rooved  

su r faces  w i l l  n o t   a d v e r s e l y   a f f e c t   e i t h e r   t h e   i n t e r n a l   s t r e s s   d i s t r i b u t i o n  or 

f a t i g u e   c h a r a c t e r i s t i c s  of s low- ro l l i ng   t i r e s ,   s ince   bo th   a r e   func t ions   o f   co rd  

1 oad . 
A t e s t  program similar t o   t h e  one described  above was ca r r i ed   ou t  on a 

concre te   sur face   wi th  1 /4  in .   by  1 /4  in .   g rooves   loca ted  on 1 in .   cen te r s ,   s ee  

Fig.  5.  The r e s u l t s   f r o m   t h e s e   t e s t s   w e r e   v e r y  similar to   those   recorded   f rom 

t h e  aluminum p l a t e .  A complete summary of t h e s e   r e s u l t s  i s  shown i n  Table 11. 

S i n c e   a i r c r a f t  t i res  a r e   s u b j e c t e d   t o  a number  of landings   before   be ing  

retreaded,  it seemed n e c e s s a r y   t o  make these  cord  load  comparisons on a worn 

9 



TABLE I 

I"' 
O Locat ion 

S idewal l  
Ply 2 

Shoulder 
Ply 2 

Crown 
Ply 6 

Crown 
Ply 8 

Shoulder 
Ply 8 

CORD LOAD COMPARISONS-GROOVED AND UNGROOVED SURFACES 

24 X 7.7 10 PR Type V I 1  

Aluminum Plank-80 psi-4500 lb V e r t i c a l  Load 

% D i f f  = 
Cord Load Grooved  Surface-Cord Load Ungrooved x 

% D i f f  

7.4 

0 

-3.0 

1.2 

-1.5 

'$ D i f f  

5.2 

1.5 

0 

0 

3.0 

Cord Load Ungrooved Surface  

' $I D i f f  
- 

2.1 

1.1 

2.1 

0 

'$ D i f f  

-- 

-3.0 

0 

1 . 5  

New 
$I D i f f  

-2.1 

0 

-3.1 

2.4 

1 . 5  

Buffed 
3 D i f f  

0 

" 

-2.3 

-2.9 



Fig. 5 .  Grooved concrete   surface.  
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TABLE I1 

CORD LOAD COMPARISON 

24 x 7.7 10 PR Type V I 1  

Concrete  Plank-80  psi-4500 lb Vertical  Load 

Location 

~ 

Sidewall 
Ply 2 

Shoulder 
Ply 2 

Crown 
Ply 6 

Crown 
Ply 8 

Shoulder 
Ply 8 

% D i f f  

2.2 

2.0 

2.8 

2.1 

-2.7 
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t i r e   a s   w e l l   a s   t h e  new t i r e   desc r ibed   above .  To do th i s ,   t he   i n s t rumen ted  

t i r e  was buffed down u n t i l   t h e   t r e a d  was approximately 1/16 of  an  inch  above  the 

bottom of the  grooves.  The t i r e  was then   sub jec t ed   t o   t he  same t e s t s   d e s c r i b e d  

above on t h e  aluminum su r face   w i th   t he  3 / 8  i n .  by 3/16 in.   grooves.  A summary 

of t h e s e   r e s u l t s  may be  found i n   t h e  l as t  column of Table I. A s  may be  seen, 

t h e   d i f f e r e n c e s   a r e  s t i l l  r e l a t ive ly   sma l l ,   wh ich   i nd ica t e s   t ha t   t he   co rd   l oad  

i s  no t   s e r ious ly   a f f ec t ed  by t h e  grooved  surface a t  any  time i n   t h e   h i s t o r y  of 

i t s  wear. 

The conclusion from t h e s e   t e s t s  i s  that   s low-rol l ing  cord  load  charac-  

t e r i s t i c s   a r e   n o t   a f f e c t e d   t o  any  appreciable  degree by grooved  surfaces on t h i s  

p a r t i c u l a r   t y p e  of a i r c r a f t   t i r e .  By implicat ion,  one would  doubt t h a t  grooved 

runways  would i n   g e n e r a l   a d v e r s e l y   a f f e c t   t h e   f a t i g u e   l i f e  of a i r c r a f t   t i r e s .  
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